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Abstract Cardiac risk factors were studied among patients who were admitted to hospital with appendicitis or a fracture of the proximal femur less than one year after being admitted with myocardial infarction. Of 99 patients with myocardial infarction and appendicitis, 87 underwent appendicectomy; and of 221 with myocardial infarction and hip fracture, 179 were operated on. The patients were studied on an intention to treat basis. The mortality within one month was 9% and 16% respectively. A history of congestive heart failure was the dominating risk factor, while ischaemic heart disease (recent myocardial infarction or angina pectoris) had no independent association with mortality.
If the ventricular function is known additional preoperative information about the heart is ofnegligible value when estimating the mortality of noncardiac surgery.
Introduction
Congestive heart failure and ischaemic heart disease are considered to be the most important predictors of death after non-cardiac surgery.' 2 Of the ischaemic heart diseases, a recent myocardial infarction is regarded as the most ominous condition, while an older infarction or angina pectoris is less important.`~A recent myocardial infarction is usually defined as one occurring within the preceding six months, and mortality after surgery is typically found to be 10 times higher in patients with recent infarction.4 Earlier studies did not take into account the possibility that awareness of risk factors may influence the selection of patients for operation. They were based on a broad range of diseases and many different surgical procedures, including elective operations. They also presented information only about patients who had been operated on-that is, they did not contain any data on patients who for various reasons (for example, recent myocardial infarction) were treated conservatively.
The purpose of the present study was to evaluate cardiac risk factors as predictors of operative death in an adequate number of patients with one specific disease who were all candidates for the same operation, thus minimising the variability associated with differences in disease and operation. We selected two acute conditions (appendicitis and hip fracture) that usually need urgent surgical treatment and analysed data according to the principle of intention to treat. Furthermore, to ensure a high frequency of cardiac risk factors in the study population we confined the study to patients who had suffered myocardial infarction in the year preceding the appendicitis or hip fracture.
Patients and methods
The national registry of hospitalised patients was established in Denmark in 1976. 6 The data provided by this registry include diagnoses and operations performed while patients are in hospital. The diagnoses are coded according to the World Health Organisation's International Classification of Diseases (eighth revision). From January 1977 to December 1982, 5280539 admissions, 9364985 diagnoses, and 4431935 operations were registered. These figures included 136718 patients who were admitted to hospital with a diagnosis of myocardial infarction.
SELECTION OF PATIENTS
We began by selecting from the registry the names of all the patients who had been admitted to hospital with myocardial infarction and then were admitted for an operation less than one year later (12 544 cases). We constructed a histogram for each surgical diagnosis or operation code showing the numbers of patients admitted with that particular code in each month after the myocardial infarction. Altogether 4027 histograms were constructed, and they showed that appendicitis and fractures of the proximal femur with their corresponding operations (appendicectomy and osteosynthesis of the proximal femur) were the most frequent conditions, giving a total of 921 patients with 2205 admissions to 277 hospital departments.
To establish the validity of the diagnoses and when the acute episodes occurred we needed the discharge records of the patients because the diagnostic coding of the national registry does not distinguish between current and previous disease. We obtained 2158 discharge notes (98%) for review. There were 101 patients who had had appendicitis and 243 who had fractured a proximal femur less than 12 months after the myocardial infarction.
Two of the 101 patients with appendicitis were omitted from the study because the vagueness of their symptoms had contraindicated surgery. Eighty seven patients were operated on, and the remaining 12 were treated conservatively. Of the 243 patients with hip fractures, 22 received the standard conservative treatment for impacted fracture and were omitted from the study; 179 (8 1%) were operated on, and the remaining 
with hip fracture we could not establish whether the myocardial infarction or the appendicitis or fracture had occurred first. In these cases the interval between the two was set to 0 months.
RISK FACTORS
Information on the presence or absence of hypertension, diabetes mellitus, ischaemic heart disease, and congestive heart failure was obtained from the patients' discharge notes for the admission with myocardial infarction (without knowledge of the subsequent admission and its outcome). Congestive heart failure was defined as the presence of one or more of the following symptoms: severe dyspnoea at rest, orthopnoea, enlargement of the liver, or peripheral oedema. Congestive heart failure that occurred before the admission for myocardial infarction was distinguished from that which first occurred during the admission. Myocardial infarction was classified as definite or possible by one of us (EK).
DATA ANALYSES
Data were analysed on an intention to treat basisthat is, surgically and conservatively treated patients were analysed together. The median time between onset of symptoms and surgery was one day for appendicitis and two days for hip fractures. The relation between the risk factors and the mortality one month after the appendicitis or fracture was analysed in contingency tables by Fisher's exact test.
Results Table I shows the age and sex distributions of the patients studied. Of the 99 patients with appendicitis, nine died in the month after its onset, giving a mortality of9% (figure). Table II shows that congestive heart failure was the most significant risk factor in the patients with appendicitis (p<0-001). Two of those who died had had congestive heart failure before being admitted with myocardial infarction and the seven others had it as a complication of their myocardial infarction. Of the 90 patients who survived appendicitis, only 19 had a history of congestive heart failure. Multiple infarction-that is, an infarction before the index one-was also a significant risk factor (p<005). The six patients with multiple infarction who died, however, all also had a history of congestive heart failure. Table III shows that the cases of appendicitis were evenly distributed over the year after the myocardial infarction. Recent infarction did not increase the BMJ VOLUME 297 mortality, which was 9% both in the period up to three months after myocardial infarction and in the period from four to 12 months after infarction; the difference in mortality between the two periods was therefore zero (95% confidence interval -12% to 12%).
Of the 221 patients who fractured their hips, 36 died within one month, giving a mortality of 16% (figure). Survival of 99 patients with appendicitis and 221 patients with fracture of proximal femur who had had myocardial infarction less than ayear before Congestive heart failure was the only risk factor that was significant in these patients (p<005). Of 70 patients with a history of congestive heart failure (either before the myocardial infarction or as a complication of it), 17 (24%) died in the month after fracturing their hip; while of 151 patients who did not have a history ofcongestive heart failure, only 19 (13%) died. A recent myocardial infarction (within three months before the fracture) was associated with a mortality of 21% and an older myocardial infarction (four to 12 months before the fracture) with a 12% mortality. The difference in mortality between the two periods (9% (confidence interval -1% to 18%)) was not significant. Table III shows that cases of hip fracture were not evenly distributed in the year after the myocardial infarction. There was an accumulation of patients with a history of congestive heart failure in the first months after the infarction, and when the high mortality of this condition was taken into account the observed difference in mortality between recent and older myocardial infarction diminished.
Discussion
A nationwide computerised patient registry makes it possible to trace adequate numbers of patients with similar conditions. The present study differed from previous studies of cardiac risk factors by confining analyses to two specific conditions requiring operation, thereby minimising the variability between groups of patients caused by differences in disease and operation. Other studies have shown that there is a greatly increased risk in the first months after a myocardial infarction, but this is probably due to sampling biasthat is, surgery in the early period after infarction cannot be assumed to be comparable with surgery later. The other studies included very few patients with a recent myocardial infarction. The study by Goldman et al of 1001 patients included only 22 patients who were operated on in the first six months after a myocardial infarction,3 and although a study at the Mayo Clinic of 73 321 patients who were operated on contained 587 who had had myocardial infarction, only 15 of these had had the infarction within three months. 5 We believe that doctors tend to postpone operations whenever possible and avoid causing stress in the first critical months after a myocardial infarction. This imposes a selection bias because only the more urgent cases are operated on, and urgent surgery in itself carries increased risk. We believe that the correct approach for evaluating operative risk is to apply the intention to treat principle, as is used to assess drug treatments. Patients treated conservatively can constitute an important bias, which is concealed if only the results of operations are presented. Previous studies have evaluated operative risk relative to more specific end points such as fatal or nonfatal recurrent infarction and cardiac complications.5 Because of the retrospective nature of our study and because death was often related to multiple factors we abandoned an attempt to catalogue the cause of death. The figure shows that deaths were quite evenly spread over the first month, after which the survival curves became flatter-that is, deaths were not a direct result of the operation itself but occurred in the period when the endocrinological and metabolic consequences of the operation strained the heart.
In agreement with other studies we identified congestive heart failure as the most important cardiac risk factor in relation to surgery. 34 We were not able, however, to show that a recent myocardial infarction is an independent predictor of mortality in non-cardiac surgery. The results for patients with appendicitis imply that it is the degree of myocardial damage and ventricular impairment produced by one or more myocardial infarctions that is important rather than just the history of infarction.
If a recent infarct is discounted as a serious risk factor and the possible cardiac risk factors at operation are assessed congestive heart failure emerges as the predominant factor and other factors such as previous myocardial infarction, stable or unstable angina pectoris, and arrhythmia seem to play only a minor part. 34 
